Introduction
============

Plasma cells (PCs) are terminally differentiated B-cells (Shapiro-Shelef and Calame, [@B33]; De Vos et al., [@B10]; Moser et al., [@B26]; Radbruch et al., [@B30]). Memory B-cells are activated in secondary immune organs and differentiate into plasmablasts (PBs), which migrate to inflamed tissues, lamina propria, and bone marrow, where they differentiate into PCs (Arpin et al., [@B1]). Long-lived PCs that are the source of protective antibodies are mainly located within the bone marrow. PCs are found not only within bone marrow but are also located within secondary immune organs such as the spleen, lymph nodes, and tonsils. PCs in all organs exhibit a shared phenotype, but some differences can be observed. For example, tonsil PCs are CD20+ and CD138+/−, in contrast to BM PCs that are CD20− but CD138++ (Pellat-Deceunynck et al., [@B28]; Medina et al., [@B23]; Robillard et al., [@B32]). During B-cell differentiation into PCs, CD20 expression is lost at the plasmablastic stage and CD138 upregulation occurs at the PC stage (Jego et al., [@B16]). *In vivo*, expansions of non-malignant polyclonal PBs and PCs are transiently observed in patients with IL-6 producing tumors or in the context of acute infections (Jego et al., [@B17]). These PBs and PCs never express CD20 (Jego et al., [@B17]). PCs from tonsil have been considered to be immature PCs, which can leave the tonsil to migrate to the bone marrow. However, phenotypic studies of cytoplasmic Ig+ (cIg+) cells in the blood during a secondary immune response have shown that cIg+ cells have a phenotype typical for PBs, CD20−CD138−, making it unlikely that tonsil PCs are the precursors to BM PCs or peripheral PBs (Medina et al., [@B23]; Odendahl et al., [@B27]; Robillard et al., [@B32]). Based on phenotype, the tonsil PCs appear to be different from other types of PCs or PBs.

*In vitro*, PBs and PCs have been mainly obtained from memory B-cells activated by CD40L (Arpin et al., [@B2]; Jego et al., [@B16]). In this culture system, the PBs and PCs obtained never expressed CD20. Microbial products activate B-cells, which express a wide range of toll-like receptors (TLRs). Indeed, B-cells express TLR9 and are strongly activated by TLR9 ligand, CpG oligodeoxynucleotides (CpG ODN). Bernasconi et al. ([@B5]) have reported that CpG ODN induce the proliferation and differentiation of CD27+ B-cells into PCs and that CpG ODN, in contrast to CD40L, strongly stimulate IgM+ B-cells. Thus, we wondered whether the activation of CD27+ B-cells by two very different culture systems (CD40L or CpG ODN) would generate PBs and PCs with similar or different features. Our data show that CpG ODN, in contrast to CD40L, promote the generation of CD20+ PCs.

Materials and Methods {#s1}
=====================

Antibodies and reagents
-----------------------

Anti-CD20-FITC, anti-CD38-APC, and IgG1-APC control were purchased from BD Biosciences (Le Pont de Claix, France). Anti-CD45-FITC, anti-CD138-PE, IgG1-FITC control, and IgG1-PE control were purchased from Beckman Coulter (Roissy, France). Blocking anti-CD40L mAb was purchased from Alexis (Coger, Paris, France). The recombinant human cytokines IL2, IL10, and IL15 were obtained from R&D (Minneapolis, MN, USA). The TLR9 ligand, CpG phosphorothioated ODN (5-0TCGTCGTTTTGTCGTTTTGTCGTT-30, CpG2006), was purchased from InvivoGen (San Diego, CA, USA).

Antibodies against Bim (Abs) and actin (mAb) were purchased from Millipore (Merck Serono, Lyon, France), anti-Mcl-1 Abs and anti-caspase 3 mAb were purchased from Santa Cruz Biotechnology (Tebu-Bio, Le Perray en Yvelines, France), anti-Bcl-2 mAb was purchased from Dako (Trappes, France), anti-p27 and anti-PCNA mAbs were purchased from BD Pharmingen (BD Biosciences, Le Pont de Claix, France), anti-p18 mAb was purchased from Cell Signaling Technology (Ozyme, Saint-Quentin en Yvelines, France), anti-Bcl-xL Abs were purchased from Transduction Laboratories (BD Biosciences, Le Pont de Claix, France) and anti-survivin Abs were purchased from R&D Systems Europe (Abingdon, UK).

Generation of plasmablasts and plasma cells
-------------------------------------------

Human cells were obtained from normal donors after informed consent. Tonsils were obtained from children and teenagers undergoing routine tonsillectomy. Following isolation by Ficoll--Hypaque centrifugation and adherence, the lymphocytes were cryopreserved. After thawing, the T cells were removed by sheep rosetting (two rounds), and CD27+ B-cells were sorted (MACS, Miltenyi Biotec, Germany), as previously described (Jego et al., [@B16]; Geffroy-Luseau et al., [@B12]). Peripheral blood samples from donor volunteers were provided by the French Blood Institute (Etablissement Français du Sang, Nantes). After Ficoll--Hypaque centrifugation and adherence, CD19+CD27+ B-cells were sorted with the CD19 Multisort Kit (MACS, Miltenyi).

Generation of PBs and PCs by transient activation of CD40 was performed as initially described by Arpin et al. ([@B2]), though slightly modified (Arpin et al., [@B1]; Jego et al., [@B16]; Geffroy-Luseau et al., [@B12]). Briefly, CD27+ B-cells were incubated for 3 days (Day 3) over mitomycin-C-treated (45 min, 75 μg/ml) CD40L-expressing fibroblasts (a kind gift of Dr. T. Defrance, Lyon, France) in the presence of 50 U/ml IL2 and 100 ng/ml IL10. Thereafter, the cells were cultured for 4 (Day 7) to 7 days (Day 10) without fibroblasts, in the presence of IL2 (50 U/ml), IL10 (100 ng/ml), and blocking anti-CD40L mAb (2 μg/ml).

Generation of PBs and PCs by CpG2006 treatment in the presence of IL15 or IL2 plus IL10 was performed as previously described by Bernasconi et al. ([@B5]). Briefly, CD27+ B-cells were cultured for up to 10 days with 3 μg/ml CpG ODN 2006 plus either 100 ng/ml IL15 or 50 U/ml IL2 and 100 ng/ml IL10. Proliferation was monitored by PI staining.

Identification of plasmablasts and plasma cells
-----------------------------------------------

Plasmablasts and PCs were identified by CD20, CD38, and CD138 expression with a FACSCalibur flow cytometer (Becton Dickinson), as previously described (Jego et al., [@B17], [@B16]; Geffroy-Luseau et al., [@B12]).

Isolation of prePBs
-------------------

Isolation of pre-plasmablast (prePBs) was performed as described previously (Geffroy-Luseau et al., [@B12]). Briefly, CD27 B-cells were cultured for 3 days with CD40L-expressing fibroblasts in the presence of IL2 plus IL10 and then for 2 days with IL2 plus IL10 in the presence of anti-CD40L mAb. At this time, the culture contained prePBs (CD20+/−) and remaining B-cells (CD20++). To obtain a pure population of prePBs engaged in differentiation, the B-cells were removed with CD20 immunomagnetic beads by using a positive selection column (Column MS, Miltenyi), which selects only highly labeled cells.

Ig secretion
------------

IgG, IgA, and IgM secretion was determined by ELISA, as previously described (Geffroy-Luseau et al., [@B12]).

Western blotting
----------------

Cells were pelleted and resuspended in lysis buffer (10 mM Tris--HCl pH = 7.6, 150 mM NaCl, 5 mM EDTA, 1 mM PMSF, 2 μg/ml aprotinin, 1% Triton X100). After 40 min on ice, lysates were cleared by centrifugation at 10,000 × *g* for 30 min at 4°C. Protein concentration was measured using bicinchoninic acid (BCA Protein assay, Pierce, Rockford, IL, USA). Cleared lysates (70 μg) were separated by SDS-PAGE (12.5 or 15% acrylamide) and electrotransferred to polyvinylidene difluoride membranes. Western blot analysis was performed by standard techniques with ECL detection (Pierce Perbio Science France, Brebières, France).

Stimulation of myeloma cells
----------------------------

Human myeloma cell lines (HMCLs) have been previously described (Moreaux et al., [@B25]). Cells (500,000/ml) were cultured for 2 days with or without CpG 2006 (5 μg/ml) in the presence of or without IL15 (100 ng/ml), as described previously (Jego et al., [@B15]; Chiron et al., [@B8]). After culture, cells were stained with anti-CD20-FITC or IgG1-FITC control mAb, and the fluorescence was analyzed with a FACsCalibur flow cytometer (Becton Dickinson).

Results
=======

PBs and PCs generated in the presence of CpG ODN remain CD20+
-------------------------------------------------------------

Because tonsil and bone marrow PCs display very different phenotypes (CD20, CD138, Ig isotype), we wondered whether polyclonal activation of memory B-cells through different mechanisms, CD40L stimulation versus CpG ODN stimulation, could promote the generation of phenotypically different PCs. To answer this question, CD27+ B-cells were purified from tonsils and activated in the presence of IL2 and IL10 with either CD40L-expressing 3T6 fibroblasts or with CpG2006. Because continuous activation of B-cells by CD40L prevented differentiation (Figure [1](#F1){ref-type="fig"}A; Arpin et al., [@B2]), we performed a transient coculture (3 days) followed by a 4- to 7-day culture in the presence of anti-CD40L-blocking mAbs to neutralize any remaining CD40L+ cells. In contrast to the CD40L culture conditions, for CpG stimulation, the ligand was added at Day 0 with no washes to remove CpG ODN. At Day 7, both cultures displayed CD38+ PBs, confirmed by morphology, but CpG ODN-derived PBs were CD20+, albeit with diminished expression compared with the remaining CD20+CD38− B-cells, while CD40L-derived PBs were markedly CD20− (Figure [1](#F1){ref-type="fig"}B). Of note, at Day 10, both CD20+ and CD20+/− PCs expressed CD138, the marker of PCs (Pellat-Deceunynck et al., [@B28]). However, the level of CD138 expression was lower in CpG ODN-derived PCs than in CD40L-derived PCs. We wondered whether these differences in phenotype could be related to the presence of germinal center B-cells, as CD27 is expressed by both germinal center B-cells (CD27+CD38+) and memory B-cells (CD38−CD27+).Thus, we purified CD27+ B-cells from the peripheral blood of healthy donors, which only contains memory B-cells and not germinal center B-cells. As shown in Figure [1](#F1){ref-type="fig"}C, peripheral CD27+ B-cells also generated CD20+ PBs when activated with CpG ODN, showing that this feature was not limited to tonsil CD27+ B-cells. To quantify the level of expression of CD20 in both cultures at Day 7, we calculated the ratio of the levels of CD20 MFI of CD38+ cells (region 1) divided by the levels of CD20 MFI of CD38− cells (region 2; four different tonsil samples and one peripheral blood sample). The intensity of CD20 in the CD40L cultures was of 0.0305 ± 0.0157, thus 3.6-fold lower compared with that of CpG cultures, 0.1106 ± 0.0248 (*n* = 5, *p* = 0.0018, paired *t*-test; Figure [1](#F1){ref-type="fig"}C right). Finally, CpG ODN-derived PCs displayed a phenotype similar to that of *in situ* tonsil PCs, which are CD20+ CD138+/− (Medina et al., [@B23]; Robillard et al., [@B32]). Cell cycle analysis during the courses of differentiation did not show any significant differences between CD40L- and CpG ODN-generated PBs (Figure [1](#F1){ref-type="fig"}D). In both cases, proliferation decreased similarly during differentiation, and the incidence of subG1 peak increased similarly to reach 45.7 ± 10.59 and 45 ± 12.70% of total cells, in the CD40L and CpG culture, respectively (*n* = 3, *p* = NS paired *t*-test). Because IL15 has been shown to be very efficient at promoting memory B-cell differentiation in the presence of CpG ODN (Bernasconi et al., [@B5]), we wondered whether it could be more or less efficient than IL2 + IL10 in supporting the generation of CD20+ PBs. As shown in Figure [1](#F1){ref-type="fig"}E, CpG ODN-generated PBs (from peripheral or tonsil B-cells) showed similar levels of CD20 expression in the presence of IL2 and IL10 as they did in the presence of IL15.

![**(A)** Continuous stimulation of CD27+ B-cells with CD40L-expressing fibroblasts prevented PC generation. CD27+ B-cells were purified from the tonsils of healthy donors, as described previously (Geffroy-Luseau et al., [@B12] and Materials and Methods). B-cells (800,000 cells/ml) were cultured for 3 days with CD40L-expressing fibroblasts in the presence of IL2 and IL10 and harvested and cultured again for 4 days with CD40L-expressing fibroblasts in the presence of IL2 and IL10. The phenotype of the cells (CD20, CD38) was assessed by double staining. Representative experiment out of three. **(B)** Comparison of PCs generated from CD27+ B-cells either activated with CD40L-expressing fibroblasts or cultured in the presence of CpG2006. B-cells (800,000 cells/ml) from the same donor were either cultured for 3 days with CD40L-expressing fibroblasts and then cultured for 4 (Day 7) to 7 (Day 10) days with IL2 plus IL10 in the presence of blocking anti-CD40L mAb or cultured for 7--10 days in the continuous presence of CpG2006 (3 μg/ml) and IL2 plus IL10. The phenotype of the cells (CD20, CD38, CD138) was assessed by double or triple staining as indicated in the figure. May--Grünwald Giemsa staining of cells cultured for 7 days with CpG ODN plus IL2 and IL10 showed a typical PB morphology (eccentrically shaped nucleus and relatively abundant basophilic cytoplasm with archoplasm). The data represent the result of a representative experiment performed with one tonsil (three others were performed with three other independent donors). **(C)** Comparison of PCs generated from tonsil or peripheral blood CD27+ B-cells cultured in the presence of CpG2006. CD27+ B-cells (D0) were cultured as described in **(B)**, and their phenotypes were analyzed at Day 7. Region 1 delineates CD38+CD20dim/− PBs, and region 2 delineates CD38−CD20+ B-cells. Right: the relative CD20 intensity in PBs at Day 7 was expressed as the ratio representative of CD20 MFI in CD38+ PBs (region 1) divided by the CD20 MFI of the remaining B-cells CD20+CD38− (region 2). Five independent experiments were performed with CD27+ B-cells purified from four tonsils and one peripheral blood sample. **(D)** Cell cycle analysis of the differentiation of CD27+ B-cells cultured as described in **(B)**. Histograms represent the proportion of cells in the subG1, G1, S, and G2M phases. SubG1 proportion was defined on the whole population. For G1, S, and G2M phases, the proportion was defined after exclusion of subG1 peak (Modfit). The data represent the mean ± SD of three independent experiments performed with three independent donors. **(E)** Comparison of CD20+ PB generation after CpG2006 stimulation in the presence of IL2 plus IL10 or IL15. CD27+ B-cells (tonsil or peripheral blood) were cultured as described in the legend of Figure [1](#F1){ref-type="fig"}B, with IL2 plus IL10 or with IL15. The phenotypes of the PBs were analyzed at Day 7.](fimmu-02-00083-g001){#F1}

Removal or addition of CpG ODN during differentiation modulated CD20 expression
-------------------------------------------------------------------------------

We next wondered whether CpG ODN could directly modulate CD20 expression. To test this, we remove CpG ODN from CpG ODN-stimulated B-cells on day 3. As shown in Figure [2](#F2){ref-type="fig"}A, removal of CpG ODN slightly increased the proportion of cells with lower CD20 from 46 ± 5 to 64 ± 7%, compared with 65 ± 12% for the CD40L culture. The CD20 intensity was slightly decreased too from 0.094 ± 0.010 to 0.055 ± 0.010 (*n* = 3, *p* = 0.026), but it still remained around twofold higher than that of CD40L-driven PCs (0.030 ± 0.010, *p* = 0.085). Reciprocally, we added CpG ODN to purified prePBs engaged in the differentiation process after transient CD40 activation. The remaining CD20+ B-cells were depleted 2 days after CD40L removal (Day 5) in order to target only prePBs and to exclude any recruitment of "resting" CD20+ B-cells (Geffroy-Luseau et al., [@B12]). As shown in Figure [2](#F2){ref-type="fig"}B, the addition of CpG ODN slightly increased the proportion of CD38+CD20+ cells from 3.9 ± 0.27 to 15.25 ± 1.51% at day 10, *n* = 3, *p* = 0.0015 (Figure [2](#F2){ref-type="fig"}B right, upper panel). In the CpG culture, CD20+CD38+ cells were only partly CD138+, with 7% of cells being CD20+CD138+ and 12% of cells being CD20+CD138−, compared with 2 and 2% in the culture without CpG, respectively (illustrated in Figure [2](#F2){ref-type="fig"}B left). The proportion of CD138+CD20+ cells was higher in the culture with CpG, 7.2 ± 0.7%, compared with the culture without CpG, 3.6 ± 0.9%, *p* = 0.073 (Figure [2](#F2){ref-type="fig"}B right, lower panel). Thus, although CpG increased the proportion of CD20+ PBs and PCs, it did not prevent the appearance of CD20− PBs and CD20− PCs. These results suggest that CpG ODN, in contrast to CD40L, increased the survival of CD20+ PBs.

![**(A)** Removal of CpG ODN decreased the appearance of CD20+ PBs. Left: CD27+ B-cells from a tonsil were cultured with IL2 plus IL10 in the CD40L model (upper panel), with CpG2006 for 7 days (middle panel) or with CpG2006 for 4 days and then washed and cultured for 3 days without CpG (lower panel). The phenotype was analyzed at Day 7. The intensity of CD20 on PBs was expressed as the ratio (*r*) of MFI staining on CD38+ cells (region 1) divided by CD38− cells (region 2). Representative experiment out of 3. Right: data represent the mean ± SD of three independent experiments performed with three independent donors. **(B)** Addition of CpG ODN to CD40L-activated B-cells increased the appearance of CD20+ PBs. CD27+ B-cells from three independent donors were cultured for 3 days with CD40L-expressing fibroblasts in the presence of IL2 plus IL10 and then for 2 days with IL2 plus IL10 in the presence of anti-CD40L mAb. The remaining CD20++ B-cells were removed to obtain a pure population of prePB cells engaged in differentiation (see [Materials and Methods](#s1){ref-type="sec"}). PrePBs (Day 5) were then cultured in the presence of IL2 plus IL10 with or without CpG2006. The CD20 phenotype of PBs and PCs was analyzed 2 (Day 7) to 5 (Day 10) days after in double or triple staining. Representative experiment out of three. Right: data represent the proportion at Day 10 of CD20+ (upper panel) and of CD20+CD138+ (lower panel) in the culture with or without CpG (data represent the mean ± SD of three independent experiments).](fimmu-02-00083-g002){#F2}

Modulation of proliferation and survival proteins is similar in CD40L- and CpG ODN-generated PBs and PCs
--------------------------------------------------------------------------------------------------------

B-cell differentiation requires the concomitant regulation of both survival and proliferation (Chen-Kiang, [@B7]; Vikstrom and Tarlinton, [@B34]). Among all Bcl-2 family molecules, Bim, Mcl-1, and Bcl-2 are three major regulators of B-cell and PC survival (Puthier et al., [@B29]; Vikstrom and Tarlinton, [@B34]). CDK inhibitors, especially p18, are required for PC generation (Chen-Kiang, [@B7]). We wondered whether CD40L and CpG ODN differentially modulated the expression of these molecules. Tonsil CD27+ B-cells (Day 0) were cultured either with IL2/IL10/CpG ODN for 7 days or with IL2/IL10/CD40L for 3 days (Day 3) followed by 2 days with IL2/IL10, after which CD20+/− prePBs and CD20+ B-cells were purified (Day 5). PrePBs were cultured for an additional 2 days in the presence of IL2 and IL10 (Day 7). Cells were then collected and lysed, and protein expression was analyzed by western blot at the indicated times (Figure [3](#F3){ref-type="fig"}). Upon CD40L or CpG ODN stimulation, expression of all three isoforms of Bim, Mcl-1 full length (FL), Bcl-xL, PCNA, and survivin increased, while the expression of Bcl-2, p27 (Kip1), and p18 (INK4c) decreased (Day 3). Modulation of Bcl-2, PCNA, p27, and p18 was in agreement with the proliferation increase. Once CD27+ B-cells entered cell cycle induced by either CD40L or CpG, they switched from a Bcl-2 expression toward a Mcl-1 and Bcl-xL expression suggesting that cycling CD27+ B-cells should be rather Mcl-1/Bim or Bcl-xL/Bim than Bcl-2/Bim primed for death. During subsequent differentiation, Bim expression remained high, Mcl-1 FL expression decreased, levels of the pro-apoptotic Mcl-1 cleaved form C1 increased (Ménoret et al., [@B24]), Bcl-xL expression remained high while Bcl-2 expression remained low. Although Bcl-2 expression was stronger in CpG ODN-stimulated PBs/PCs than in CD20−/CD40L-stimulated cells, no conclusion could be reached because the CpG ODN culture still contained B-cells, while the CD40L culture contained only PBs/PCs. Survivin and PCNA displayed regulation similar to that of Mcl-1, increasing up to Day 5 and then decreasing. At Days 6 and 7, p27 expression remained low compared with unstimulated B-cells, but p18 expression was strongly increased, consistent with previous reports regarding expression of these factors during growth arrest and PC generation (Chen-Kiang, [@B7]). At Days 6 and 7, the decreased expression of anti-apoptotic proteins Mcl-1 and Bcl-2 and the increased levels of the Mcl-1-C1 form were in agreement with the high incidence of apoptosis in these cultures, as indicated by the strong cleavage of caspase 3 (Jego et al., [@B17], [@B16]). In summary, CD40L- or CpG ODN-generated PBs/PCs displayed a similar expression pattern of molecules involved in both the survival/apoptotic and cell cycle pathways.

![**Comparison of the expression profile of molecules controlling cell cycle and survival during PC generation**. Tonsil CD27+ B-cells (Day 0) from two independent donors were cultured as described in Figure [1](#F1){ref-type="fig"}B. In the CD40L culture, prePBs (CD20− Day 5) were purified as described in Figure [2](#F2){ref-type="fig"}B and further cultured for 2 days with IL2 and IL10 (Day 7). Cells were lysed and lysates were equally divided in two samples. The same amount of proteins was loaded per lane and proteins were resolved by SDS-PAGE in two twin gels (i.e., two twin gels for the CD40L samples and two twin gels for the CpG samples). Western blot analysis was performed as described previously (Puthier et al., [@B29]; Ménoret et al., [@B24]). Membranes were probed, stripped, and reprobed with the antibodies in the order presented in the figure (Actin as last). EL, Bim extra large; L, large; S, small; Mcl-1 FL, Mcl-1 full length; Mcl-1 C1, Mcl-1 cleaved form C1; p17, caspase 3 cleaved form. Representative experiment out of two.](fimmu-02-00083-g003){#F3}

CpG ODN increased the secretion of IgM
--------------------------------------

Bernasconi et al. ([@B5]) have compared the proliferation and differentiation of switched (IgG, IgA) and non-switched (IgM) memory B-cells in response to either CpG ODN or bystander T-cell help. They showed that bystander T-cell help preferentially induced the proliferation of switched B-cells, while CpG ODN preferentially induced the proliferation of non-switched B-cells. Because the differentiation of B-cells into PCs is linked with proliferation, we theorized that CpG ODN should favor IgM secretion, while CD40L should favor secretion of IgG and IgA. Thus, we measured Ig secretion in the IL2/IL10 CD40L and CpG ODN/IL15 cultures. Compared with the IL2/IL10/CD40L culture, the CpG ODN/IL15 culture showed increased secretion of IgA (1.3- to 1.4-fold-increase), IgG (1.45- to 1.56-fold-increase) and, importantly, IgM (2.02--7.22), as shown in Figure [4](#F4){ref-type="fig"}A. To assess the effect of CpG ODN on the same prePBs, we cultured IL2/IL10/CD40L-generated prePBs (Day 5) with or without CpG ODN for 2 days. As shown in Figure [4](#F4){ref-type="fig"}B, addition of CpG ODN significantly altered Ig secretion by increasing the secretion of IgM (median value 177%) and IgA (median value 129%) while decreasing that of IgG (median value 90%), *p* = 0.0176 ANOVA test. These data collectively indicate that IgM secretion was increased in the presence of CpG ODN, suggesting that CpG ODNs were more able than CD40L to induce the generation of IgM-secreting PCs.

![**(A)** Ig secretion of CD27+ B-cells cultured with CD40L plus IL2 and IL10 or with CpG ODN plus IL15. CD27+ B-cells from tonsil (T) or peripheral blood B were cultured as described in the legend of Figure [1](#F1){ref-type="fig"}. Supernatants were collected at Day 10, and Ig secretion was assessed by ELISA. **(B)** Ig secretion of CD40L-generated prePBs cultured with or without CpG ODN. PrePBs generated in the CD40L culture were obtained as described in Figure [2](#F2){ref-type="fig"}B and cultured for 3 days with or without CpG in the presence of IL2 + IL10. Supernatants were collected at Day 7, and Ig secretion was assessed by ELISA. Three independent experiments were performed with two tonsils.](fimmu-02-00083-g004){#F4}

CpG ODN did not induce CD20 expression in myeloma cell lines
------------------------------------------------------------

In humans, the archetype of malignant PCs is MM. MM is marked by the presence of a malignant clone secreting a monoclonal protein, often IgA or IgG and, very rarely, IgM (Kyle and Rajkumar, [@B20]). Myeloma cells are thought to be the malignant counterpart of bone marrow PCs. Similar to bone marrow PCs, MM cells are mainly CD20− (Robillard et al., [@B31]; Bataille et al., [@B4]). MM cells have been shown to express TLR9 and to respond to CpG ODN by increased proliferation and survival (Bohnhorst et al., [@B6]; Jego et al., [@B15]). In chronic lymphoid leukemia, a CD20+ neoplasm, CpG ODN was shown to increase the level of CD20 expression after 24--48 h (Mankaï et al., [@B21]). To assess whether CpG ODN could induce or increase CD20 expression in myeloma cells, eight TLR9+CD20− HMCLs, BCN, JIM3, MDN, NCI-H929, RPMI8226, SBN, U266 and XG6, and one TLR9+CD20+ HMCL, Karpas 620, were cultured for 2 days with 5 μg/ml CpG ODN 2006. As shown in Figure [5](#F5){ref-type="fig"}, CpG ODN neither induced CD20 expression in CD20−TLR9+ HMCLs nor increased it in the CD20+TLR9+ HMCL. These data show that CpG ODN did not modulate CD20 expression in malignant IgG or IgA PCs.

![**CpG ODN neither induce nor increase CD20 expression on myeloma cell lines**. Nine multiple myeloma cell lines expressing TLR9 were cultured for 2 days with or without CpG2006, and CD20 expression was analyzed by flow cytometry. Overlay histograms represent the CD20 staining over the control staining.](fimmu-02-00083-g005){#F5}

Discussion
==========

In this paper, we show that CpG ODN and CD40L induce PBs and PCs with different features. Indeed, while CD40L promotes the generation of "classical" CD20−CD138− PBs and CD20−CD138+ PCs, CpG ODN promotes that of CD20+CD38+CD138+/− PBs/PCs and CD20−CD38+CD138+ PCs. This CD20+CD38+CD138+/− phenotype, which is not reminiscent of any B to PC intermediates (Pellat-Deceunynck et al., [@B28]; Arpin et al., [@B1]; Jego et al., [@B17], [@B16]; Medina et al., [@B23]; Odendahl et al., [@B27]; Robillard et al., [@B32]; Geffroy-Luseau et al., [@B12]; Jourdan et al., [@B18]), rather looks like to that of tonsil PCs (Medina et al., [@B23]; Robillard et al., [@B32]). It seems unlikely that CD20+ PCs could have emerged from CD27− cells because they represented a very weak contaminating population and because CpG ODN are not able to induce PC generation from CD27− B-cells unless anti-Ig are added (Bernasconi et al., [@B5]). The addition of CpG ODN to CD40L-induced prePBs increased the proportion of CD20+ PBs and modified the Ig secretion isotype. It seems unlikely that CpG ODN simply increased CD20 expression because PBs obtained after the addition of CpG ODN were mainly CD20−. Our results collectively suggest that CpG ODN, which induced the proliferation of CD27+ memory B-cells, increased the survival of either CD20+ prePBs/PBs or both. Reciprocally, the removal of CpG ODN from CpG ODN induced prePBs decreased CD20 expression on PBs. This later result further suggests that CD20+ PBs have impaired survival without TLR9 stimulation. Analysis of proliferation and expression of proteins involved in proliferation, such as PCNA, did not demonstrate significant global differences between the two types of stimulation (Figures [1](#F1){ref-type="fig"} and [3](#F3){ref-type="fig"}), arguing against a role of CpG in proliferation of CD20+CD38+CD138+/− cells. In the CD40L culture, CD40L was removed after 3 days because CD40L is known to block PC generation by inducing continuous B proliferation (Arpin et al., [@B2]). Interestingly, in contrast to CD40L, CpG ODN induced the proliferation of B-cells but did not block their subsequent differentiation. Because CpG ODN did not maintain proliferation, and its addition or removal subsequently impacted CD20 expression, we might conclude that it favored the survival of some CD20+ prePBs or CD20+ PBs. Jourdan et al. ([@B19]) reported that, although IgM+ activated B-cells represented the major population of cycling B-cells after transient culture with soluble CD40L and CpG ODN, IgM+ PBs and PCs represented only a minor population, suggesting that either IgM PBs did not survive, in contrast to IgG PBs, or that IgM cycling B-cells were unable to differentiate into PBs in the absence of CpG ODN. Addition of CpG ODN to CD40L prePBs modified the Ig secretion (increase of IgM). Our data are in agreement with those of Bernasconi et al. ([@B5]) who reported that CpG ODN and CD40L do not equally activate non-switched and switched CD27+ B-cells: IgM+ CD27+ B-cells efficiently respond to CpG ODN but not to CD40L in contrast to switched CD27+ B-cells, which do equally respond to both stimulations.

In malignant and normal B-cells, CpG ODN increase CD20 expression at both protein and mRNA levels but the mechanism(s) are not known (Jahrsdörfer et al., [@B14]; Mankaï et al., [@B21]). The effect of CpG ODN is more difficult to analyze in our study because cells differentiate and loose their CD20 phenotype during this process. Thus, CpG ODN either stimulate a subpopulation of CD27+ B-cells (IgM+?) committed to become CD20+ PBs and PCs or maintain CD20 expression on the PBs and PCs, which loose CD20 expression during their generation. Further experiments performed with cells isolated along all the differentiation process from pure switched and non-switched CD27+ B-cells are required to reach a definitive conclusion concerning the precise role of CpG ODN.

*In vivo*, CD20+ PBs and PCs are found in tonsils, not within the bone marrow (Medina et al., [@B23]). PCs from tonsils express a low level of CD138 in contrast to PCs from bone marrow (Medina et al., [@B23]; Robillard et al., [@B32]). Thus, based on the phenotype, CD20+CD138+/− cells obtained with CpG ODN look like to tonsil PCs. In humans, PCs are also found in the lamina propria, in spleen and lymph nodes, and in the rheumatoid synovium (Dechanet et al., [@B11]; Medina et al., [@B23]; Moser et al., [@B26]; Radbruch et al., [@B30]). In humans, the phenotype of PCs has been mainly studied in tonsils and bone marrow, not in spleen or lymph nodes. To date, only tonsil PCs have been reported to express CD20. The CD20+CD38+CD138+/− phenotype of tonsil PCs does not correlate with an intermediate stage of differentiation because CD20 expression is lost before CD138 appearance (Jego et al., [@B17], [@B16]; Odendahl et al., [@B27]). Thus, there is to date no obvious explanation for the particular phenotype of tonsil PCs. Because, tonsillectomies are performed in children and teenagers with recurrent bacterial infections of tonsils, it is possible that the CD20+ phenotype of PCs might be related to the recurrent infections rather than to the tonsilar location. Further analysis of phenotype in various lymphoid organs (tonsil, spleen, lymph node) in the absence of recurrent bacterial infections could determine whether this CD20+ phenotype is related to infections or to location, or both.

Although TLRs are widely expressed on malignant B-cells, there is no evidence to date that chronic activation of B-cells is involved in the emergence or growth or survival of malignant B-cells *in vivo*. MM and WM (Waldenstrom macroglobulinemia) are two PC malignancies characterized by a monoclonal peak of immunoglobulin of IgG, (or IgA), or IgM isotype, respectively; however, in contrast to MM cells that are mainly located within the bone marrow, WM cells are mainly found within the spleen and lymph nodes (Chng et al., [@B9]; Kyle and Rajkumar, [@B20]; Banwait et al., [@B3]). MM cells exhibit all the hallmarks of Ag-selected switched B-cells, while WM cells exhibit those of Ag-selected non-switched B-cells (Martín-Jiménez et al., [@B22]). In contrast to MM cells, WM cells are a mix of lymphoid (CD19+ CD20+ CD138−) and lymphoplasmacytic cells (CD19+ CD20+ CD138+/−; Chng et al., [@B9]; Hodge et al., [@B13]). It would be of particular interest to establish and compare the gene expression profiles of WM cells, tonsil PCs and CpG ODN-derived CD20+ PBs/PCs.

Plasmablasts and PCs, which are highly susceptible to apoptosis, are primed for death by the expression of BH3-only molecules of the Bcl-2 family (Jego et al., [@B17]; Vikstrom and Tarlinton, [@B34]). Only interactions with the local microenvironment, which might include osteoclasts, can rescue them from death, explaining the long-life of resident bone marrow PCs (Odendahl et al., [@B27]; Moser et al., [@B26]; Geffroy-Luseau et al., [@B12]). *In vitro*, the generation of PBs and PCs from B-cells is always marked by a high incidence of apoptosis, as shown by the high incidence of cells in subG1 peak (Figure [2](#F2){ref-type="fig"}D and Jego et al., [@B17], [@B16]). In this study, we show that apoptosis may be explained by the cleavage of Mcl-1 and the activation of caspase 3. Activation of B-cells induces an increase of Mcl-1, Bcl-xL, and Bim and a decrease of Bcl-2, suggesting that PBs and PCs should be rather Mcl-1 or Bcl-xL primed for death while resting memory B-cells should be rather Bcl-2 primed for death (Figure [3](#F3){ref-type="fig"} and Vikstrom and Tarlinton, [@B34]). The modulation of expression of these molecules was very similar in both CD40L and CpG cultures, showing that it is an intrinsic feature of PBs and PCs. In summary, we have shown that CpG ODN induced the *in vitro* generation of CD20+ PBs and CD20+ PCs from CD27+ memory B-cells.
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